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geared motor. The material to be centrifuged is contained in plastic
or hard glass test tubes of about 5 ml. capacity. Speeds of 40,000
r.p.m. are possible and will sediment many viruses in 1 hour.
Centrifuges have been modified to advantage in several ways
such as the vacuum centrifuge in order to reduce air resistance,
refrigeration of the chamber to protect the virus material from
excessive heat, and the optical centrifuge in which the progress of
sedimentation can be photographed at intervals during the operation.
Microscopy. Light Microscope. It is possible to observe the ele-
mentary bodies of some viruses under the ordinary light micro-
scope. Technics have been devised for staining the larger viruses
such as the pox group. As with the bacteria differential staining
aids a great deal in distinguishing the virus particles from other
small particles seen in tissue preparations. Although it is possible to
resolve particles as small as 250 m|x, which is within the range of
size of viruses, it is very difficult to identify them with certainty.
The practical limit of magnification for the light microscope is in
the region of 1,200 to 1,500 diameters.
Dark-field illumination of virus specimens has some advantage
over the ordinary application of light microscopy. By employing
this technic, the limits of visibility and resolution are increased;
however, its use has been limited.
A magnification of X 3,200 with good resolution has been ob-
tained by using ultraviolet light. Instruments of this kind have not
come into use because direct view of the object is not possible and
photographic plates must be used.
Electron Microscope. The use of electron rays instead of visible
light rays has made possible over-all magnifications up to
X 5,000,000 with good definition. Microscopes of this type have
been developed since the work of Marton in 1934.
The electron microscope is a very highly specialized instrument
requiring considerable technical training and skill to operate. The
basic principle of magnification of the electron microscope is
similar to the light microscope except that electrons are used in
place of light rays and the electron rays are focused by mag-
netic fields instead of the lens of glass in the light microscope.
The source of electrons is a hot filament and they are accelerated
by very high voltages of 50 kilovolts or more. This voltage must be
controlled to within 1 to 2 volts.
The objects to be observed are placed on a carbon, formvar or
collodion membrane which is supported by a small disc of 200
mesh screen. This screen is then placed in a holder which is in-
serted into the microscope, and high vacuum is pumped in the
tube. The electrons pass from the filament through the specimen